Abstract: Anomalies in amelogenesis may be due to developmental defects or abnormalities in different components of developing teeth and can affect dental development. We compared dental development in a group of children with molar-incisor hypomineralization (MIH) with that in age-and sex-matched controls. Dental age was determined using panoramic radiographs of 105 children (59 girls, 46 boys) aged 7-11 years with severe MIH, and the findings were compared with those from 105 healthy age-and sex-matched controls. Although accelerated dental development was noted in the MIH group, the difference between the MIH and control groups was not statistically significant (P < 0.05). Furthermore, no relationship was found between number of affected teeth and the difference between dental and chronological age. In conclusion, children with severe MIH had slightly accelerated dental development as compared with controls. (J Oral Sci 55, [203][204][205][206][207] 2013) 
Introduction
Amelogenesis is the orchestrated and genetically conserved process of enamel formation (1) . However, this process can be disrupted by numerous influences: well-known causes of developmental enamel defects include inheritance (as in amelogenesis imperfecta [AI]), excess fluoride intake, and systemic disturbance or trauma during amelogenesis (2) (3) (4) . Moreover, idiopathic developmental enamel defects have been reported in the literature since the 1970s (5) . In 2001, the term molarincisor hypomineralization (MIH) was introduced to describe a specific abnormality caused by a disturbance during the early phase of enamel maturation in one or more permanent first molars, frequently associated with affected incisors (6) . Studies of the cause of MIH have not produced clear results, although it has been linked to several pre-and perinatal conditions (7) (8) (9) (10) .
Clinically, the enamel defects of MIH present as opaque lesions varying in color from white to yellow or brown, with a sharp demarcation between affected and sound enamel. In severe cases, post-eruptive enamel breakdown is so rapid that it appears clinically as if the enamel has not formed at all (1, 11, 12) .
Recent research has emphasized the close interaction between the different components of the developing tooth germ during odontogenesis (13) , and findings suggest that defects in amelogenesis are associated with developmental defects or abnormalities in one or more components of the developing tooth, as well as in dentoskeletal development (e.g., taurodontism, agenesis, delayed eruption, and frontal open bite). In light of these findings, it is possible that the dental development of children with MIH is also affected. To our knowledge, no study has examined dental development in children with MIH. Therefore, we compared dental development in a group of children with severe MIH with that in a group of age-and sex-matched healthy controls.
Mayıs University Human Subjects Ethics Committee (190/2013) and informed consent was obtained from the parents of all study participants.
All children aged 7-11 years with severe MIH who presented at the Ondokuz Mayis University Faculty of Dentistry's Pediatric Dentistry Clinic in Samsun, Turkey during a 2-year period were invited to participate in the study. Most children had been referred from general practice, but children under routine care in the department were also included. Controls were selected from among patients without signs of hypomineralization who sought routine care at the department during the study period and were matched with MIH cases by sex and chronological age (± 0.1 years) at the time of panoramic radiography. Because our clinical protocol does not include routine panoramic radiographic examination for mild and moderate MIH cases, only severe MIH cases were included in the present study. Moreover, we included only those children whose parents gave their informed consent and who had a panoramic radiograph of sufficient quality for assessment of dental development. Children with developmental enamel defects caused by AI, dental fluorosis, local trauma, or major general health conditions, and those currently undergoing orthodontic treatment, were excluded from the study. A total of 105 children (59 girls, 46 boys) were identified as having severe MIH (> 0.1 mg/l F water content).
Dental examinations
All dental examinations were conducted by one of the authors (A.T.U.), an experienced pediatric dentist, at the Department of Pediatric Dentistry under optimal lighting using a mirror and probe. All teeth were dried before inspection.
MIH was diagnosed according to criteria proposed by the European Academy of Paediatric Dentistry (14) . Hypomineralized lesions of < 1 mm in diameter were not recorded. MIH lesion severity was graded as follows: mild MIH, demarcated opacities not requiring treatment; moderate MIH, lesions associated with rough and broken enamel; severe MIH, lesions associated with loss of dental structure affecting both enamel and dentin and/or atypical restorations replacing affected hard tissue as well as teeth extracted because of severe hypomineralization. For each child, MIH severity was recorded according to the most severe defect observed among the permanent first molars and incisors (15) .
A data-collection document was developed to obtain information on patient code, age, sex, date of birth, date of panoramic radiography, and number/location/severity of teeth with MIH.
Assessment of dental development
Dental development was assessed from panoramic radiographs, using the dental age (DA) estimation method of Demirjian et al. (16) , which determines DA based on the radiographic appearance of the seven permanent mandibular teeth on the left side, supplemented by the corresponding teeth on the right side when a left tooth was missing. Tooth formation is divided into eight stages, and detailed written criteria and supplementary illustrations, separated by tooth and sex, are provided. For each tooth, a biologically weighted score is allocated according to development stage, and the sum of the seven scores is recorded as the estimate of a subject's dental maturity. This overall maturity score is then converted to DA using available tables and/or percentile curves (16, 17) .
Dental development of the study sample was assessed by one of the authors (E.S.T.), a trained examiner, blinded to subject age and sex. Assessment was performed in a darkened room using a radiographic illuminator, to provide contrast enhancement of dental images. After determining DA, chronological age (CA) for each subject was calculated by subtracting the date of the panoramic radiograph from the date of birth, after converting both to decimal ages. The difference between DA and CA (DA-CA) was also recorded.
Reproducibility
A total of 22 radiographs (10% of the sample) were reassessed after a 1-month interval, and κ coefficients were calculated to determine level of agreement.
Statistical analysis
The data were analyzed using the software program SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). Normality of distribution was evaluated using the Shapiro-Wilk test, after which the Mann-Whitney U test was used to compare mean differences in DA and CA between the MIH and control groups. Spearman rank correlation analysis was performed to determine the relationship between the number of teeth affected by MIH and DA-CA values. The level of significance was set at 0.05.
Results

Intra-examiner consistency
An unweighted κ of 0.96 confirmed good intra-examiner consistency. Table 1 shows the distribution of MIH patients according to age and sex. Among the 105 children (59 girls, 46 boys) in the MIH group, mean (±SD) CA and DA were 9.42 ± 1.24 years and 9.68 ± 1.33 years, respectively. The mean number of affected molars/incisors was 7.63 for girls and 7.46 boys. Table 2 shows the mean (SD) of CA, DA, and DA-CA for the MIH and control groups by sex. The highest mean difference in DA-CA was observed among girls in the control group; however, it did not exceed 0.63 years. The difference in DA-CA between the experimental and control groups was not statistically significant among girls (P = 0.653) or boys (P = 0.594). However, the MIH group showed a tendency toward accelerated dental development among boys (+0.14) and girls (+0.12) ( Table 3) . Scatterplots were constructed to compare CA and DA-CA in the MIH and control groups (Fig. 1) . The distribution pattern of DA-CA was similar for both groups and ranged from 0-1 years in most cases.
Demographic characteristics
Assessment of dental development
Spearman rank correlation analysis showed no relationship between number of teeth affected by MIH and DA-CA values (r = 0.028, P = 0.777).
Discussion
As the prevalence of caries in children and adolescents continues to decrease, developmental enamel defects are attracting increasing attention in terms of scientific theory and clinical practice (18) . Children with MIH are a particular challenge for clinicians and researchers, as variation in MIH prevalence was reported to vary between 2.4% and 40.2% in general populations of children (19) . To date, most research on MIH has focused on prevalence and possible etiological factors (7, (11) (12) (13) (14) (15) (16) (17) (18) (19) .
Teeth with MIH are often very sensitive and may rapidly break down. In some cases, early extraction is the treatment of choice (19) (20) (21) . Accurate prediction of tooth maturation and eruption is essential for satisfactory treatment planning and is especially important in the treatment of MIH because of the clinical and pathological implications of the condition.
In diagnosing MIH, it is important to differentiate it from other developmental disturbances of the enamel. In the present study, strict case selection and examination criteria were used. Individuals with generalized enamel defects in primary or permanent dentition were considered to potentially have AI or a systemic condition that extended over a period of time long enough to affect tooth development at different time periods and were therefore excluded from the study. We did not examine the causes of MIH among the study participants. However, given that a familial component has been reported in some MIH cases (1), patient family histories were examined, and those patients who had family members with enamel defects or dental anomalies were also excluded from the study. MIH cases were selected according to EAPD criteria, and MIH severity was determined according to the criteria of Leppaniemi et al. (15) . Clinical examination was performed under optimal lighting using a mirror and probe, and all teeth were dried before inspection. Dental age can be determined from dental emergence or from the radiographic appearance of tooth-formation stages. However, radiographic analysis is preferred because tooth emergence, i.e., the initial appearance of a tooth in the oral cavity, occurs over a short period of time (22) and can be affected by local factors such as lack of space (23) and systemic factors such as nutritional status (24, 25) . Several methods have been described for determining dental development stage from radiographs (16, 17, 23, 26) . One widely used method is that of Demirjian et al. (16) , which was first described in a large-scale study of French-Canadian children, conducted in 1973. This method was used in the present study because its applicability and reproducibility have been confirmed in earlier studies (27, 28) .
Although we found that dental development in children with MIH did not significantly differ from that in controls, there was a trend toward accelerated dental development among both boys (+0.14) and girls (+0.12) in the MIH group. In a review of the literature we found no studies of dental development in children with MIH. However, because MIH has been suggested to result from various environmental factors that act systemically to disrupt ameloblasts during the enamel-production phase (9), the results of the present study are consistent with those of a previous study of dental development and AI (29) , which found accelerated dental development and hypocalcified enamel in patients with AI. The author of that study suggested that accelerated dental development could reflect a lower level of enamel mineralization, which would require less time for crown development as compared with normal enamel. Possible changes in root development rates were also mentioned in relation to enamel defects.
We found no correlation between number of MIHaffected teeth and the extent of the delay in dental development, perhaps because we enrolled only severe MIH cases.
The results showed no significant difference between MIH and controls but showed a trend toward accelerated dental development in MIH patients as compared with controls. Studies of larger samples and other populations will be necessary to confirm our result.
